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of Oligonucleotide rrooea 
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u aim is to find conditions that are 

When using Z sufficiently flexible to allow 

stringent enough to guarantee s P ecm "^** For DN A molecules more 

t^^^.^^^S^^J^ carried out at 
than 200 nucleotides in length hyo nra T } f erfec t hybrid. 
SSs-C below the <*^^»Z£^&k * ^wered to the 
However, as the length of the ^» 18 out hybr idization at T ro - 25 C. 

point where it is ™J r ^ is ^ 

Typically, therefore, hybridization with J™ * e T Although such 

ouT under conditions that are. ,ly 5-10 C Wow^ ^ 
stringent conditions reduce the .num^r ^ less degirable 

detected with short oll ^ uc ^ , . 

consequence of reducing the rate »^ which perte ^ nudeotides 

Hybrids formed between DNA mole ™ J ™° s Th e chances that such 
length are completely stable for all practical V^ose^ ^ ^ 

alSgsTretch of double helix will ™™X%£Z7n verfect hybrids) formed 
T. are extremely small. .^ 0W ®^' t ]^"argeTsequences at 5-10°C below 
between short oligonucl ^^ a ^^^^l saa ^ of this type can 
the T m are far easier to .^ n ^ d n ^ por tant practical consequences^ 
be regarded as reversible This nas i y mo i eC ules are essentially 
Wherfas hybrids formed between ^Xtion washing, hybrids (even 
stable under the conditions used fo^^ des m not . Posthybntation 
perfect hybrids) involving short ^gonucleo^ y go th the 

washing of such hybrids must For this reason, hybrid, 

probe does not dissociate from »to torgBtseq stringent 
Ltions with short oligonucleotid ^^^^^ (0.1-1.0 pmole/ 
conditions (5-10°C below the T ) usm high gonuc i eo tides «8) are 

ml) of probe. When only one or a small num equilibrium, and 

^Pd as probes, the annealing reaction rapidly re More 
SbridTzation should therefore , be ^^^^^i^^,^ j- 
complex mixtures, in T^*^^^ 

comparatively low, require ^b^dizataon 1 oligonuc leotides should 

longer periods. For ^f^\ m ^^^ t t on washing should be carried out 
be hybridized for 1-2 ^:^^^Z of low stringency and then 

used for hybridization - 
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CALCULATING MELTING TEMPERATURES FOR PERFECTLY MATCHVn 
Sm™CE B S ETWBEN OLIGONUCLEOTIDES ANO T^TAR^T HEn 



When using single oligonucleotides that match the target sequence perfectly 
hybridization conditions can easily be derived from the calculated T of the 
hybrid. For oligonucleotides shorter than 18 nucleotides, the T oftheVbrid 
can be estimated by multiplying the number of A + T residues in the hybrid 
by 2 C and the number of G + C residues by 4°C and adding the two numbers 
(Itakura et al. 1984). However, this method overestimates the T of hybrids 
involving longer oligonucleotides. m iyunas 

A different approach has been taken by E. Fritsch (unpubl.), who found 
that the equation originally used to calculate the relationship between G + C 
content, lomc strength of the hybridization solution, and the T of lone DNA 
molecules (Bolton and McCarthy 1962): m 

T m = 81.5 - 16.6(log 10 [Na + ]) + 0.41(% G + C) - (600/iV) , 

where N = chair l length, predicts reasonably well the T m for oligonucleotides 
as long as 60-70 nucleotides and as short as 14 nucleotides. 



ESTIMATING THE EFFECTS OF MISMATCHES 

Perhaps surprisingly, the classic formula (Bonner et al. 1973) to calculate the 
effect of mismatches on the stability of long DNA hybrids holds reasonably 
well tor hybrids involving short oligonucleotides: For every 1% of mismatch- 
ing of bases in a double-stranded DNA, there is a reduction of T by 1-1 5°C 
However, the precise effect of mismatches depends on the G + C content of 
the oligonucleotide and, even more critically, on the distribution of mis- 
matched bases in the double-stranded DNA. Mismatches in the middle of the 
oligonucleotide are far more deleterious than mismatches at the ends There- 
tore the method of estimation given above should only be used as a rough 
guide until a systematic study of all types of mismatches in a variety of 
contexts leads to more precise methods of estimation. If appropriate target 
DNA has been cloned, the effect of mismatches on T m can be determined 
empirically (see pages 11.55-11.57). 
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HYBRIDIZATION OF POOLS OF OLIGONUCLEOTIDES 

It is easy to calculate accurately the T m of a perfectly matched hybrid formed 
between a single oligonucleotide and its target sequence. However Ztn 

t U en?f nf°P I r ° f llg0nucleot ! des whos * members have greatly different con 
tents of G + C, it is impossible to estimate a consensus T . Because it w 
possible to know which member of the pool will match the target sequence 
perfectly, conditions must be used that allow the oligonucleotide with the 
lowest content of G + C to hybridize efficiently. Usually conditos are 
chosen to be 2°C below the calculated T m of the most A/T-rich member of S 
pool (Suggs et al. 1981b). However, the use of such "lowest common 
denominator" conditions can lead to a number of false positives be^Tse 
mismatched hybrids formed by oligonucleotides of higher G + C content may 
be more stable than a perfectly matched hybrid formed by Zefo^Z 
oligonucleotide. In most cases, this problem is not serious, since the number 
of positive clones obtained by screening cDNA libraries with pools of olZnu- 
cleotides is usually quite manageable. It is therefore possible to easUy 
distinguish false positives from true positives by another test (eg DNA 
sequencing or hybridization with a second pool of oligonucleotides 'corre- 
sponding to another segment of amino acid sequence) 

° aSeS When the number of positives is unacceptably high it mav be 
worthwhile to consider using hybridization solvents that conLn the quater 
nary alkylammomum salts tetraethylammonium chloride (TEAC1) or tetra- 
methy ammonium chloride (TMAC1) instead of sodium chloride (Melchior and 
19 tLof ° T bS ? aL 1985 ' 19885 Wood et * 19fi 5; Gkchler et al 

itf h'Z To 67 v X In ?T S ° lventS ' the T - of a h y brid is dependent of 
its base composition and dependent primarily on its length. Thus bv 

choosing a temperature for hybridization appropriate for the lengths of the 

mSztd m 3 P ° 01 ' % 6ffeCtS ° f P ° tential ^tchfs can be 

Tpiri ^ portant t0 obtain «* accurate estimate of the T m in TMAC1 or 
TEAC1 before using pools of oligonucleotides to screen cDNA or genomic DNA 

L« ft' u u -}l 988) meaSUred the T > (the irreversible melting 
temperature of the hybrid formed between the probe and its target seauence* 
as a lunction of chain length for a number of oligonucleotide! of differing 
£n. r I % m so 1 lvents 1 contain ing either sodium or tetramethylammonium 
ions. Hybrids involving oligonucleotides 16 and 19 nucleotides in length melt 
over a smaller range of temperature in solvents containing TMAC1 than in 
solvents containing sodium salts (3°C for TMAC1 vs. 17°C for SSC when 
hybndizing 16-mers; 5°C I for TMAC1 vs. 20°C for SSC when hybrfdTzhtg 

rcZ ^ t m T' l hG f eCt iS mUch l6SS dramatic < 7 ° C for TMAC1 vs 
tor bSCX Similar, but less extensive, data are available for solvents 
containing TEAC1 (Jacobs et al. 1988). solvents 

hJ^ e IS^Tl te ^ perature for hybridization is usually chosen to be 5°C 
below the T for the given chain length. The recommended hybridization 
temperature for 17-mers in 3 m TMAC1 is 48-50°C; for 19-mers it is 55-57°C 

the T S ^fTh'H " 58 - 66 ; C - ^ P ° intS ™ worth erSg 5 Fn£ 
T^ACl th^ y hnds ^\^^y 15-20»C higher in solvents containing 
1MAC1 than in solvents containing TEAC1. The higher T in solvent 
containing TMAC1 allows hybridization to be performed at LmpW^t that 
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suppress nonspecific adsorption of the probe to solid supports (such as nylon 
membranes), resulting in lower nonspecific backgrounds. Second, hybridiza- 
tion solvents containing TMAC1 do not have significant advantages over those 
containing sodium ions until the length of the oligonucleotide exceeds 16 
nucleotides. Finally, the data have been extensively examined for 16-mers, 
19-mers, and, in previous studies, for much longer DNA molecules (Melchior 
and von Hippel 1973). It is currently an untested assumption that the same 
beneficial effect will be seen for DNA molecules of all intermediate lengths. 
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Preparation and Use **r . „ 

AUwhmmonlum Sa/t, C °" fa '"'»» Quaternary 

TEAC1 are available from Aldrich ) C1) m H * 0 - ( ™AC1 and 

Z SS. 40 8 fcal — «*» * 'PP—y 1M and 

5. Measure the refractive index nf tK fl , 

concentration of the solu^Vmfte^on^ 

C = (ra-1.331)/0.018 

ZZ&X£Z B ~* M » ° f T. ^lammoniun, sa>t and 

6. Prehybridize nitrocellulose filwo 

•^nucleotide t^ZS^TJ^ ** « - 

r * l< 




7. Prepare the q «atemarv a^lannnoniun, solution to be used f„ r hybrid- 



|i^-o.M : ^cior.i4M : TEAci. i 

i * M „ 80dium Phosphate (pH 6 8) 

- .1 miw EDTA (pH*7 6) ° ' - > " ^ 

. 0.5% SDS , . :■ *- : A,.. , ' 



Notes 

i. Nitrocellulose filters are not stable when hybridization is carried out for 
extended periods of time in solvents containing TMAC1 or TEAC1. Nylon 
membranes are much better suited for this purpose. 

ii. Posthybridization washing is usually carried out initially with solutions 
containing sodium salts (e.g., 6 x SSC) rather than quaternary alkylam- 
monium salts. If additional stringent washes are required, rinse the 
filters first with quaternary alkylammonium hybridization solution (with- 
out DNA or nonfat dried milk) at room temperature and then briefly (5-10 
minutes) with the same solution at T { — 5°C. 
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tlYBBiniXATION OF GWJUSSIUEXS 

Perhaps the most critical steD in th* 

conditions for hybridization Th" teLZl gn ^ ssmers * the choice of 
suppress hybridization of the prob to Zl ™ T Sh ° Uld be hi * h en ^gh to 
high as to prevent hybridizationt cor^f S6<1UenCeS but must not *>e so 
be mismatched. Before using al nCe ' ^ th ° Ugh * 

therefore advisable to perform a serfes of ?H«T * S ° reen a librar * * is 
of northern or genomic Southern hTbridtaHn eXpenments * which a series 
ent degrees of stringency (aS£SSJ?^ "* Carried out under W 
set of theoretical curves relating? ngSt ° n 1983; Wood «* al. 1984) A 
the length and homol^^^^ solution to 

curves as a guide, determine the ont^i f Lathe (1985) - Using these 
complementary to the pro£e *$5to£^ d f Cttm ° f Se ~ 
nitrocellulose filters or nylon m7mb^ to a of 

filters are washed extensLlyTn l x Ssr ^ ' temperatures " The 

briefly (5-10 minutes in 6 x SSC) It fhf! r °° m tem P er ature and then 
This method, in which both S fa^ used ** hybridization 
the same conditions of temperate «nT, f Shmg are carried out under 
discriminating than the more nmllt °T 8trength > a PP ear « to be more 
conditions of lower stringen^a^^^^ 

stringency. 6 y dna washing under conditions of higher 

temp^^tuZ" 0 ' « «• • the m e, tillg 

2 ' ^&^2Z&£5?'* - ^ DNA 

r. - 81.5 - 16.6(log 10 [Na*]) + 0 .41(% G + C) - (600W) 
where JV« chain knrth >°uu«V) 

lated T m for each 1% of mismatch ThT u Subtract 1°G from the calcu- 
of a maximally misma^eTw^^^ 

target DNA sequence. y formed between the probe and its 

hybridization and 

certainly, the actual T m will be higher than t J th % e f TV Almost 

calculation. If the bases used Tit ] pos^ of by this w <*st-case 

random one out of four should be cSS and ^ % ^ Ch ° Sen at 
would be expected to be G or C <rZ k a PP r °*unately half of these 
significantly higher than that estimated observed T m should therefore be 
missing the clone of interest, it T£st to bT^ * ** risk of 

degrees below the T m estimated as i-^EJF^*"* wash at ^veral 
tons, the probe hybridizenndlscrimL^ ^ If ' Under these c ^di- 
higher temperature or wash £?£S& * a 
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Before proceeding to screen an entire cDNA or genomic DNA lihrarv «♦ • 

should allow you to choose conditions for la^^^^S 6 "^ 
stnngent enough to eliminate nondiscriminaf SSSHf^D^T 
the vast majority of clones in the library ^naization <* the probe to 
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£!S^^^ , S^4^ | ^ «*-» - neutra, 
conservative estimate „f the -Ci^St' 0 ""^ 3 

2. Calculate the G + C content of S. 

3. Estate the r. of a perfect hybrid involving S using the e q uati„„ on pag e 

4. Use conditions for hybridization that are 15-20'C be.ow the estimated T, 

^^SSZ^zsz*™* that r ain ba - « 

tion of such oligonucleowi to ZSni- 55 ' 1 /- 57 B > M *~ 

momum salts has not been investigated! CODtamm « quaternary alkylam- 




EMPIRICAL DETERMINATION OF MELTING TEMPERATURE 

The melting temperature (TJ of an oligonucleotide hybridized to a target 
sequence can be determined by the procedure described below The protoco 

strayed ST ^ - tem P erature at whi <* dissociation of the doubL 
stranded DNA becomes irreversible (T.) in nonequilibrium conditions thai do 
not favor rehybndization of the released probe to the target ThTonHm^ 

ZZtZ 6 ^ hybridizati0 ? is then determined on the £Ss of ^his tXf 
The procedure requires a cloned target sequence that is complement^ 

S U r mT ^ d ? Gnding ° n thG ex P eri -nt) to the oligonudeoS 
probe. In most cases, a target sequence is not available from "natural" 
sources and must be synthesized chemically. The best sviZrt^i 
sequences consist of two oligonucleotides thJare ZSSyl^^ 
After annealing, these oligonucleotides form a double-strande7reg?on S 
contains he target sequence. The sequences of the protru^ ?nds at 
designed to aHow the target DNA to be cloned easily in bacteriophage mTs 
the™ lt Smgl f- Stranded L? NA of the appropriate orientation ^preS from 

Is descritTbebw ^ U " d in ^dization experiment 

as described below. It can also be used as a template for dideoxy-mediated 
cham-termination sequencing (see Chapter 13) if it is necessary to^eck Tat 
tne sequence ot the target DNA is correct. 

*' l^vir 1 ? J**}** ° f the oli g° nucl eotide to be used as a probe by 
rSu -CrVr ^ i 1 ' 81 " 11 ^ -move excess unincorpo- 
rated [y P]ATP by one of the methods described on pages 11.33-11.39. 

2 ' ^7 3 Pa Sff pUnGh ,' Prepare four sma11 circles (diameter 3-4 mm) of a 
solid support (nitrocellulose filter or nylon membrane) used for hybrid^ 

tion. Arrange the small circles on a piece of Parafilm. Mark Zo of the 
filters with a soft-lead pencil. 

or 1 6 jil of 2 x SSC to each of the marked filters. Apply an eaual 
amount of vector DNA to the unmarked filters. After the fh£d I hS dried 
use blunt-ended forceps (e.g., Millipore forceps) to remove the two s*s of 

cipitation with ethanol. Dissolve the TdNA £ 2 >x SSf ?^ n ? cUoro{ <>™ P«- 

The background „f nonspecL hybridSTn ^^"131^ 
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-d radiolaotlS ^XT^ " ^ 

The final concentration of oliVn™,^ " «S . P reh ybndization solution 
pmole/ml. Continue iLbati™°^ * ^oximate^l 
with occasional shaking. m 25 C for a fur ther 2-4 hours. 




continuously. Replace the fluid ^erv^^ ^te the fluid 
radioactivity on the fltaJ^J"*" »*» *• amount of 
held nunimonitor). constant (as measured with a hand- 

Monitor tta*^^^^*" *- « tubes ( 17 nun £ £ 

mometer. Incubate thetabM ta ? T 5 the tubes «ith a Ser- 
the 2 x SSC is r . _ £ "ath until the temperature 

-sed separately for each taJ2Lil^L m ^ of '"bes will be 

X* ^ ^icase ^see steps 7-10) 

"ash solutions to the apprepn" I SSSuST^T* 

9 - 25££ jrsrsr - n w t r S 1 by 3 ° c ' - «* * «- 

equihbrate. °^ m tne tu bes prepared in step 6 to 

10. Add 1 ml of 2 x SSP at +1, u- 
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11. Repeat steps 8, 9, and 10 at successively higher temperatures until a 
temperature of T m + 30°C is achieved. 

12. Place the filters in separate glass tubes (17 mm x 100 mm) containing 1 
ml of 2 x SSC, and heat them to boiling for 5 minutes to remove any 
remaining radioactivity. Cool the solutions in ice, and transfer them to 
scintillation vials. Wash the filters and tubes used for boiling with 1 ml 
of 2 x SSC, and add the washing solutions to the appropriate scintilla- 
tion vials. 

13. Use a scintillation counter to measure the radioactivity (by Cerenkov 
counting, see Appendix E) in all of the vials. Calculate the proportion of 
the total radioactivity that has eluted at each temperature (i.e., the sum 
of radioactivity eluted at all temperatures between T m - 25°C and the 
temperature at which a given sample was taken divided by the total 
radioactivity eluted from the filters at all temperatures up to and 
including 100°C). 

If the experiment has worked well, very little radioactivity should be 
associated with the filters containing vector DNA alone. Furthermore, 
this radioactivity should be completely released from the filters at 
temperatures much lower than the estimated T m . On the other hand, 
considerable radioactivity should be associated with the filters containing 
the target DNA; the elution of this radioactivity should show a sharp 
temperature dependence. Very little radioactivity should be released 
from the filters until a critical temperature is reached, and then approxi- 
mately 90% of the radioactivity should be released during the succeeding 
6-9°C rise in temperature. The temperature at which 50% of the 
radioactivity has eluted from the filters containing the target sequences 
is defined as the T { of the hybrid between the probe and its target 
sequence. 

Notes 

i. Although the above protocol calls for the use of sodium salts in the 
solvent used for hybridization, other solutes such as tetramethylam- 
monium chloride or tetraethylammonium chloride can be substituted if 
desired to determine the T x in these solvents. 

ii. This method can easily be adapted to study the behavior of hybrids 
formed between probes and target sequences that do not match each 
other perfectly (Jacobs et al. 1988). 

iii. Before synthesizing the probe, check for potential homology and/or 
complementarity between its sequence and the sequence of the vector 
used to propagate the target. Most of the commercially available pro- 
grams to analyze DNA can be used to search commonly used vectors for 
sequences that match the sequence of the probe closely enough to cause 
problems during hybridization. 
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